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Abstract 
Recent research has examined how the concept of institutional capacity relates to the 
ability of organisations to deliver industrial symbiosis, and in particular how that ability 
itself can develop over time. One approach to developing industrial symbiosis has been 
to build a network of local bodies to work together to this end. Terming such a body an 
industrial symbiosis coordination network, this study innovatively applies institutional 
capacity building theory in the context of a Chinese eco-industrial park. It examines 
how the coordination network developed the expertise to encourage local companies to 
engage in industrial symbiosis. This research consisted of a qualitative study, including 
participant observation, semi-structured interviews and document analysis to analyse 
the development of an industrial symbiosis coordination network in Tianjin Binhai New 
Area. It is found that the network increased institutional capacity for local IS 
development by promoting relational links across organisational divisions and 
governance levels, and by increasing various types of knowledge for coordinating IS. 
The concept of institutional capacity building is shown to have cross-cultural 
applicability. Reflections on this study indicate that local government can play a vital 
role in building and maintaining an IS coordination network in the Chinese context, but 
that other bodies are also needed to mobilise institutional capacity for IS development.   
 
Key Words: 
Industrial Symbiosis, Coordination Network, Institutional Capacity, China, Circular 
Economy, Eco-industrial Park, Resource Efficiency 
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1. Introduction 
Industrial Symbiosis (IS) refers to one entity’s under-utilised resource, including by-
products, waste and energy streams becoming an input for another entity (Chertow, 
2000; Deutz, 2014). The IS literature has identified certain canonical cases of IS in 
United States, Finland, Sweden, Denmark, Australia, South Korea, United Kingdom 
(Chertow, 2000; Mirata and Emtairah, 2005; Jacobsen, 2006; Park et al., 2008; Van 
Beers et al., 2008; Sokka et al., 2011; Rehn, 2013), and increasingly cases from China 
(Mathews and Tan, 2011; Yu et al., 2014a). Different approaches have been used to 
incentivise, encourage or facilitate the forming of IS relationships between companies 
on a local to national scale. For example, the eco-industrial park (EIP) development 
approach stresses green building design, integrated waste treatment facilities, or 
targeted tenant recruiting policies, to reduce waste emission within a park-level area 
(Deutz and Gibbs, 2008; Park et al., 2008; Shi et al., 2010). This method promotes IS 
through policies and planning to develop the supporting ‘hardware’ (e.g. infrastructure) 
of an EIP. However, whilst this hardware might provide the context for inter-firm 
relationships, in practice development of IS can be limited by contextual constraints 
beyond the EIP developers’ control. In the US context, for example, locational factors 
contributed to challenges in recruiting complementary companies (e.g., Deutz and 
Gibbs, 2008). There are thus contextual constraints on what an IS project can achieve 
which are beyond its control. 
 
Recent research has begun to consider how projects to promote IS and related cleaner 
production processes might learn from the processes they undertake and be able to 
improve their performance within those constraints (Boons and Spekkink, 2012; 
Spekkink, 2013; Van Hoof, 2015). This has been done through the lens of the concept 
of institutional capacity building. Healey et al (2003) used the term of institutional 
capacity (characterised by knowledge resources, relational resources and mobilisation 
capacity) to describe the ability of administrative and government organisations and 
agencies to respond to and resolve collective problems. These features are dynamic 
properties that can evolve over time as the policy process unfolds in its social, cultural 
and economic context. IS can be seen as such a process, likewise embedded in its 
context. Institutional capacity building has been applied to resource efficiencies (see 
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below) in the context of IS generation in the Netherlands (Boons and Spekkink, 2012; 
Spekkink, 2013) and co-operation for cleaner production in Colombia (Van Hoof and 
Thiell, 2015). It has not, however, been previously applied to IS in China. 
 
In China, EIPs have been a major national policy tool to promote resource efficiency in 
the context of the Circular Economy (CE1) policy (Geng and Zhao, 2009). There has 
been widespread interest amongst park management in promoting resource efficiency 
and other environmental activities in response to targets imposed upon them (Chertow 
and Ehrenfeld, 2012; Yu et al., 2014c). IS has been seen as a method by which to achieve 
the required resources efficiencies, and has been promoted in part through drawing 
upon experiences of other regions or countries (Geng and Zhao, 2009; Zhang et al., 
2010; Shi et al., 2012).   
 
One such pilot EIP is Tianjin Economic-Technological Development Area (TEDA), 
which collaborated with a UK environmental services company (International 
Synergies Limited, ISL) to implement a four-year funded IS project2 in Tianjin Binhai 
New Area (TBNA, a broader area of TEDA) (Wang et al., 2012; Wang, 2013). The main 
purpose of the TBNA IS project was to encourage local companies to engage in the 
exchange of residues, and pinpoint future waste policy supporting sustainable industrial 
development (TEDA AC, 2009). However, ISL was only one component of several 
organisations assembled by TEDA administrative committee (AC), the local 
government, to provide collectively the information, knowledge, expertise and skills 
required to aid in IS development. We term this group of organisations and individuals 
an IS coordination network. 
 
In this research, the forming and operating of an IS coordination network to implement 
the TBNA IS project is viewed as an institutional capacity building process for 
resolving economic, technological and policy problems regarding implementing IS 
activities in a Chinese industrial area. Here the institutional capacity building theory is 
                                                 
1Circular economy development refers to the promotion of resource conservation, cleaner production, 
re-utilisation, and environmental protection industries (State Council, 2005). 
2Full name of the project is called Implementing Industrial Symbiosis and Environmental Management 
Systems in Tianjin Binhai New Area (Abbreviation: TBNA IS project). 
©2017, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/
6 
 
drawn upon to analyse the level of knowledge and relational resources and mobilisation 
capacity developed by the TEDA IS network through examining the research question: 
How has the IS coordination network formed in TEDA contributed to the development 
of institutional capacity for IS facilitation? 
 
The structure of this article is as follows: section 2 describes the theory of institutional 
capacity building and clarifies the concept of IS coordination network introduced in 
this research; section 3 illustrates research methods and geographical background of the 
case study; section 4 presents results for the research question based on the case study; 
conclusions and proposals for further work are provided in section 5.  
 
2. Literature Review 
2.1. Institutional Capacity building 
2.1.1 Source of the Theory 
The concept of institutional capacity comes from the deliberative planning literature, 
referring to the ability of administrative organisations and agencies to respond to and 
resolve collective problems (Healey, 1998). According to Healey et al (2003), urban 
governance initiatives can be supported by a reservoir of capacities built from 
knowledge and relational resources which need to be deliberately activated to release 
their potential. Therefore, the authors stressed the significance of networks or arenas 
where mobilisation takes place and the role of key actors in initiating and managing 
governance innovations. The term ‘institutional capacity building’ was thus proposed 
to examine the processes of developing ability amongst and between governance actors 
in a locality to shape pilot and innovatory initiatives, and the potential for such 
initiatives to shift past practices (Healey, 1998; Healey et al., 2003).  
 
Generally, the concept of institutional capacity building in an urban planning network 
has been analysed in terms of knowledge resources, relational resources and 
mobilisation capacities that they draw upon and develop (Healey et al., 2003; Polk, 
2011). Relevant definitions for institutional capacity building and the approaches that 
have been employed to study them are presented in Table 1. Most significant of these 
is the mobilisation capacity, i.e., the ability to draw upon the available resources to 
achieve a goal.  
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Table 1. Existing Definitions and Approaches to Understanding Features of 
Institutional Capacity Building 
Component of 
Institutional 
Capacity 
Definition Study Approach in the Literature 
Knowledge 
resources 
Formal or tacit knowledge 
operating at multiple levels 
and developed by governance 
actors to promote an issue 
(e.g. urban regeneration 
project). 
-Exploring knowledge types/contents 
mastered by network members 
-Classifying ways to exchange knowledge 
among network members 
Relational 
resources 
Qualities of social relations 
such as trust and norms in 
networks linking governance 
actors together 
-Exploring whether the range of network 
members sufficiently cover various sectors and 
scales that are most relevant to the issue in an 
area mirrors the quality of relational resources 
Mobilisation 
capacity 
The capacity to activate 
knowledge and relational 
resources to meet network 
goals, and to capture external 
attention and resources 
-Exploring the concrete impact that the arena 
of participants has had on a broader area 
-Seeking for evidence of new ways of working 
in the local and regional policy making context 
that can better promote network-level target. 
Source: Author generated through drawing upon Healey (2003) and Polk (2011). 
 
2.1.2 Institutional Capacity Theory in the IS literature 
Boons et al (2011) introduced the concept of the institutional capacity building into the 
IS literature as successful cases of IS implementation resonate with scenarios from the 
planning literature. That is, IS development in a given locality reflects the ability of 
relevant organisations to collectively address the issue. That ability can be characterised 
as the extent to which they have built up the elements of institutional capacity. In IS 
terms, these elements are the availability and sharing of knowledge resources for 
conducting IS activities (e.g., information on available residues and potential local uses); 
relational resources (e.g., a level of trust built up between companies and other relevant 
actors to assist the reduction of transaction costs); and mobilisation capacity (actors’ 
ability to activate relevant firms and other parties to develop symbiotic linkages). These 
ideas recognise the ‘embeddedness’ (Granovetter, 1985) of IS in the social, cultural and 
economic context within which it is progressing (Boons and Howard-Grenville, 2009).   
 
Significantly, institutional capacity is dynamic rather than a static condition. The 
elements of institutional capacity and the relationships between them evolve over time 
(Boons et al., 2011; Van Hoof and Thiell, 2015). Companies already engaged in IS-
relationships, for example, have been shown to have increased willingness to explore 
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additional IS-related possibilities (Paquin and Howard-Grenville, 2012), which could 
be seen as an enriching of the local institutional capacity for IS through the experience 
of IS. Boons and Spekkink (2012) and Spekkink (2013) have attempted to directly 
investigate the relationship between institutional capacity building and the generation 
of IS-relationships. In a quantitative study of 233 projects aiming to develop EIPs in 
the Netherlands, Boons and Spekkink (2012) found that of the three elements of 
institutional capacity, only mobilisation capacity is a factor affecting participants’ 
perceptions of feasible options for action (the ‘opportunity set’). The result underscores 
the pre-eminence of mobilisation capacity as the critical element in institutional 
capacity building (Healey et al., 2003); knowledge and relational resources are 
necessary, but not sufficient to bring about IS (Boons and Spekkink, 2012).  
 
By contrast, Spekkink (2013) carried out a detailed process analysis of development of 
IS in the Canal Zone in the Zeeland province on the Netherlands over a 10-year time 
period. Institutional capacity for IS took a step forward when a funded project began to 
work alongside the individual effort of companies. This development helped to form a 
shared vision incorporating IS. Although the opportunities for IS have been fairly few, 
the recognition of the common interest in IS enabled the seeking of additional expertise 
from beyond the locality (Spekkink, 2013). This is an example of a group consciously 
adjusting its membership to improve its institutional capacity, which supports the 
significance of mobilisation capacity.   
 
Thus, Boons and his colleagues have introduced the perspectives of institutional 
capacity building theory as a means of studying the mechanism of generating regional 
IS (Boons et al., 2011; Boons and Spekkink, 2012; see Spekkink, 2013). However, they 
overlooked the different roles of two distinct networks relevant to local IS development 
1) the network of facilitating actors (i.e., the IS coordination network) and 2) the 
network of firms engaged in IS. The two networks are interrelated but it is the latter 
actually implementing IS, whilst the former is contributing to a conducive and actively 
supportive policy context for IS (see figure 1). The recent IS literature more generally 
has paid close attention to the analysis of networks of companies engaging in IS (e.g. 
Schiller et al., 2014), but is relatively silent on the networks of organisations 
collectively involved in promoting it.   
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Figure 1. Relationship of the IS coordination network and inter-firm IS network 
Source: author generated, drawing on Healey (2003) and Boons and Spekkink(2012). 
 
As illustrated in Figure 1, it is argued herein that the institutional capacity of the IS 
coordination network is increased with increased relational resources, knowledge 
resources and mobilisation capacity, and it will then lead to increased ability to input 
knowledge, foster trust and inject mobilisation into the local inter-firm IS network.  
 
To date the application of institutional capacity to IS has been limited outside of a 
developed country, and largely European context. However, Van Hoof’s (2015) study 
of a 10-year collaborative project to promote company environmental performance in 
Colombia indicates that institutional capacity building can be usefully applied in an 
emerging economy context, notwithstanding an often lower level of institutional 
capacity for environmental governance compared to the European setting where these 
ideas have emerged. The Chinese approach to EIPs has been characterised as driven by 
a national government initiative to set up a local organisational setting protective of 
environmental technology, including IS, as part of the drive to a CE (Shi and Yu, 2014). 
This is likewise a different institutional context to the regional process of building 
relationships for governance as considered by Healey et al. (2003) or the Dutch studies. 
The role of institutions in the development of Chinese IS has been studies by several 
authors (e.g. Shi et al., 2010; Wang et al., 2012, 2015, Yu et al., 2014c, 2015;Liu et al., 
2015). Authors have analysed the institutional context, for example EIPs and the CE 
policy (e.g. Liu et al., 2015) and illustrated the cooperation of various government 
departments and organisations in promoting IS (e.g. Yu et al., 2015).The Chinese EIPs 
have therefore been involved in a process of relationship building as these new 
Increased ability to 
-input knowledge 
-foster trust 
-inject Mobilisation 
Inter-firm 
IS Network 
IS Coordination Network 
Relational Resources 
Knowledge Resources 
Mobilisation 
Capacity 
Institutional 
capacity (t+1) 
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institutions sought to operate in their regional institutional setting (Shi and Yu, 2014; 
Yu et al., 2015). Here we examine how that processes of adjustment has influenced the 
building of institutional capacity for IS promotion.  
 
2.2. IS Coordination Network 
In the IS literature, the concepts of 'IS facilitation' and 'IS coordination' are both referred 
to as strategies for promoting IS, sometimes interchangeably (see Doménech and 
Davies, 2011; Mirata, 2004; Paquin and Howard-Grenville, 2012). However, the term 
‘IS facilitation’ typically refers to having a third party organisation such as the national 
IS programme in the UK as a broker to deliberately encourage industry to implement 
IS synergies (i.e., an IS relationship between companies; e.g. Jensen et al., 2011). By 
contrast, ‘IS coordination’ tends to denote the involvement of multiple organisations 
and government agencies engaging in the IS facilitation process (e.g. Yu et al., 2014b). 
 
In this research, coordination is defined according to the usage of the concept in the 
management literature, referring to patterns of action, formal or informal, that enhance 
information exchange and stimulate mutual understanding between coordinated entities 
(Dietrich, 2007). In addition, ‘network’ is understood as a structure involving multiple 
nodes, i.e. agencies and organisations with multiple linkages, working on cross-
boundary collaborative initiatives (McGuire and Agranoff, 2011). A network brings 
together the knowledge experience of the component organisations to attempt to align 
their actions with the network goals, leading to a more efficient use of resources and an 
increased capacity to deal with complex problems (Marques et al., 2011; Provan and 
Kenis, 2008). 
 
Overall, an IS coordination network is considered herein to comprise organisations such 
as government departments, environmental services companies, academic institutions 
or persons that work together to promote inter-firm IS activities in a region. This differs 
previous research in which the coordinator is an individual (cf., IS champion, Hewes 
and Lyons, 2008), a government agency (cf., local environmental protection bureau, 
Shi et al., 2010), or an environmental services organisation (cf. UK national IS 
programme, Paquin and Howard-Grenville, 2012), or an industrial association (cf., 
Kwinana industrial council, Van Beers et al., 2008) that promotes or facilitates IS. In 
©2017, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/
11 
 
previous research, the impact of the coordinator is normally studied through exploring 
the growth of inter-firm synergies brought about by the coordinator; the role of 
coordinator is viewed to be crucial to the development of IS. However, the IS literature 
has not addressed how a network of coordinating bodies has played a role for IS 
development in terms of knowledge/relational resources and mobilisation capacity 
enhancement. This research therefore focuses on how different bodies involved have 
managed to combine the different types of capacity to achieve what they did. It 
therefore contributes to a better understanding of the significance of adopting an IS 
coordination network and could provide significant lessons to other industrial areas, 
especially Chinese, with the same goal of engaging waste management and the CE 
development. 
 
To explore the research question on how the TEDA IS coordination network has 
contributed to the development of institutional capacity for IS facilitation, the several 
sub-questions are explored (as shown in Table 2). 
Table 2. Sub-research questions for exploring the change of the institutional capacity 
with the formation TEDA IS coordination network 
Knowledge Resources Relational Resources Mobilisation Capacity 
1. Have knowledge 
resources been increased 
for promoting inter-firm 
IS activities? 
3. Have relational links across 
organisational divisions and 
governance levels increased for 
coordinating IS? 
5. Are there new ways of 
working in the area for 
coordinating IS that can better 
promote IS development? 
2. How have the 
knowledge resources 
been increased? 
4. Which approaches have been 
adopted to enhance network 
member’s relations? 
6. How have new ways of 
coordinating IS been formed? 
Source: author generated primarily drawing upon Polk (2011), and Healey et al (2003). 
 
The six sub-research questions centre on key components of institutional capacity:  
knowledge resources, relational resources, and mobilisation capacity. Exploring these 
questions potentially identify features or indicators embodying each component. 
 
3. Research Methods and Geographical Background  
3.1 Research Methods 
This research adopts a case study approach, as has been frequently used to understand 
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a real-life phenomenon in-depth, and to study specific programmes, projects, and 
initiatives to document and analyse the implementation processes (Yin, 2008, 2012). 
Case study research covers the exploration of a contemporary phenomenon in one or 
more cases (e.g. an event, a process, or a particular place) within one or more bounded 
system(s) (e.g. context) through detailed and in-depth data collection (e.g. through 
observations, interviews and documents), and presents a case description and case-
based themes (Baxter, 2010; Creswell, 2012). 
 
Research was conducted in three phases: a preliminary desk analysis, on-site and 
follow-up activities. The desk analysis started with a literature review conducted by a 
keywords search (such as industrial symbiosis, network coordination, etc). Meanwhile, 
the background information of eco-industrial development in Tianjin Economic-
Technological Development Area (TEDA) was collected using website materials and 
secondary literature. The desk analysis aided in the formation of the boundaries of the 
case study, the identification of key stakeholders involved, and the methods of data 
collection and processing. 
 
On-site activities were conducted between 2010 and 2012 during the first author’s one 
month internship with the TEDA Eco-centre and 3 months with International Synergies 
Limited (ISL). TEDA Eco-centre was implementing an industrial symbiosis 
programme with the guidance of ISL during that time. After being informed of the first 
author’s PhD research exploring the process mechanism of transferring a UK-based IS 
network coordination approach to China, the two organisations invited the author to 
collect data and do a short-term internship. The internship provided the researcher 
opportunities to do in-depth semi-structured interviews and observe the process of 
implementing the IS network coordination strategy in TEDA. Details of interviews 
exploring the research question of this study are presented in Table 3. 
 
Table 3 Details of interviews 
Interviewee 
No. Affiliation 
Interview 
date Interview type Major Interview topics 
A ISL Apr. 2010 
semi-
structured 
The origination of the ISL-China 
collaboration; the person’s role 
and experiences in the programme 
and knowledge sharing process. 
Jan. 2016 Email  Final report of TBNA IS project 
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and ISL’s satisfaction to the 
project 
B TEDA eco-centre Apr. 2010 
semi-
structured 
The origination of the ISL-China 
collaboration; the person’s role 
and experiences in the programme 
and knowledge learning and 
application process. 
C 
TEDA 
Environmental 
Protection 
Bureau 
Mar. 2010 semi-structured 
The progress and problems of 
running the TBNA IS network 
programme at the early stage. 
D ISL Nov. 2010 semi-structured 
The progress and problems of 
running the TBNA IS network 
programme. 
E ISL Jun. 2012 semi-structured 
Progress of the TBNA IS Network 
programme, the person’s role and 
experiences in the programme and 
knowledge sharing process. 
F TEDA Eco-centre Jun. 2016 
Email 
Interview 
Recent IS coordination activities 
in TEDA 
 
Data collected through participant observation were recorded through meeting 
attendance notes and internship diaries based on the guidance of DeWalts (2011). 
Follow-up activities were conducted through email about participants’ attitudes towards 
the TBNA IS project between 2014 and 2016. 
 
In addition, a number of Tianjin municipal and park-level government officials in 
charge of regional or local economic, environmental and industrial development were 
communicated with when the researcher was accompanying them to visit UK 
businesses with synergies facilitated by ISL. The communications assisted the 
researcher’s understanding of their interpretation of the IS concept and the manner of 
collaboration among different Chinese government departments for IS development in 
TEDA (see Wang, 2013). 
 
During the interviews and participant observation process, the researcher contacted the 
participants in advance to get their permission to conduct the fieldwork. They were 
informed about the researcher’s identify and research objectives. As promised, when 
their comments were cited in the dissertation, their names were withheld; interviewees 
are identified only by their position. All quotes used in the study are from formal 
interviews. Participation in workshops and other activities during the internship helped 
to increase the first author’s understanding of the processes involved and their relevance 
to the context. However, reference is made only to the outcomes; no direct reference is 
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made to specific information (such as individuals’ responses) gained from that 
experience. 
 
3.2 Geographical Background of the Case Study 
Developed since 1984, TEDA is a 33 km2 industrial area located 45 kilometres east of 
Tianjin municipality and 130 kilometres southeast of China’s capital city, Beijing. 
Figure 2 presents the geographical location of TEDA (TEDA Eco-centre, 2011).    
 
Figure 2. The Location of TEDA  
 
Industries operating in the area currently include electronics and information, 
automotive and machinery, petroleum and chemicals, modern metallurgy, 
biotechnology and pharmaceuticals, new energy and materials, and food processing. 
Industries which are currently entering include aviation, finance, and services (TEDA, 
2011a, 2011b). 
 
TEDA has attempted to implement the EIP concept since 2001 and was selected as the 
‘Environmental Management Pilot Project for Chinese Industrial Parks’ sponsored by 
the State Environmental Protection Administration (SEPA) and the United Nations 
Environment Programme (UNEP). It was in the first batch of National Pilot Circular 
Economic Park in 2005 by the SEPA and awarded the status of a ‘National 
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Demonstrative EIP’ in 2008 (TEDA, 2011a).  
 
As illustrated by Shi et al (2010), before 2010, the park-level government (TEDA 
administrative Commission) and the local Environmental Protection Bureau (EPB) 
were promoting the policy context affecting firm waste management activities. The 
promotion approaches primarily included developing waste treatment facilities, and 
implementing new environmental programmes such as environmental impact 
assessment of new investment projects, environmental monitoring of existing key water 
and air pollution sources, pollution discharge levies, total pollutant emission control, 
and other initiatives. Although the aforementioned activities are not directly aiming at 
forming symbiotic links between firms, they helped to form awareness of 
environmental practices that can open the way for IS. TEDA EPB was involved directly 
in discovering inter-firm IS opportunities through implementing the EU-China 
Environmental Management Cooperation Programme (EMCP3 ). Since 2010, TEDA 
Eco-centre, with the support of local and regional government departments (as shown 
in Figures 3 and 4), has been working on coordinating inter-firm IS and other low-
carbon activities. Launched in March 2010, TEDA Eco-centre was set up by TEDA 
Administrative Commission to integrate resources of different government departments 
to deliver TBNA IS programme (TEDA Eco-centre, 2011). 
 
Previous research into IS development in TEDA has described primary stakeholders 
involved in promoting regional IS involving the park-level AC, the local EPB and other 
government departments and the newly founded eco-centre as well as the national 
policy context for IS implementation (Geng et al., 2007; Qi et al., 2009; Shi et al., 2010; 
Wang et al., 2012, 2015; Yu et al., 2014b). In this paper, the impact of the IS 
coordination network is explored from the perspective of institutional capacity building 
theory. 
 
                                                 
3EMCP promotes environmental governance development in China financed by the European Commission (EMCP, 
2013).The programme delivery process covered exploring synergy opportunities based on the waste streams surveys 
and developing an on-line waste exchange system (TEDA, 2005). A number of prior synergies were identified by 
the EPB to provide funding support including condensate reuse and composting of traditional Chinese medicine 
residues(TEDA AC, 2006). 
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4. Case study 
4.1. Motivation and composition of an IS Coordination network with 
Cross-sector Collaborations in TEDA 
The motivation driving the TEDA administrative committee (AC) to set up an IS 
coordination network was the ambition to be the leading EIP engaging IS activities in 
China and the awareness of the need of technology, expertise, funding support from 
other organisations and policy support from upper level of government. Summarised 
from TEDA AC’s project proposal (TEDA AC, 2009), the needs and constraints for the 
local area to develop IS can be summarised as follows: 
∙ There was no effective institution or information network for local industries to 
identify potential synergies for efficient resource management; 
∙ Little expertise existed to support the implementation of synergy opportunities 
identified; 
∙ There was a potential partner (ISL) with mature tools and systems of IS 
coordination which had been applied in the UK for more than five years. 
 
Beginning in 2009, TEDA AC has developed an IS coordination network to support the 
delivery of the TBNA IS project and other projects promoting low carbon development 
(TEDA Eco-centre, 2011). This can be viewed as a process of building a facilitation 
capacity through accessing the collective knowledge resources of the members. The 
latter, however, were not only at facilitating IS, they were also inexperienced at working 
with each other. Forming the network, therefore, was only an initial step towards 
building the relational resources and developing a collective mobilisation capacity to 
bring about IS.    
 
Formal foundation of the IS coordination network happened in March 2010 with the 
launch event of TEDA Eco-centre. As the eco-centre is a local government-owned non-
profit organisation providing environmental services to local industries and 
communities, the director was seconded from TEDA EPB. Another five people were 
recruited to work in the eco-centre at that time. Regarding the need to set up an eco-
centre, the deputy director of the local government made the following comments to 
media: ‘Sufficient information on low-carbon technology, expertise and experience are 
still not sufficient to enhance energy efficiency and protecting the environment in 
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TEDA. That is where the centre can play a role. It is supposed to serve as a platform 
for information sharing and exchanging’ (Wang, 2010).  
 
The eco-centre therefore acted as a platform for collaborations among multiple levels 
of government departments and foreign organisations. At the first steering committee 
meeting, the role of the primary participants in the IS coordination network was 
clarified as shown in Figure 3:  
 
 
Figure 3. Primary participants in the IS coordination Network 
Source: the first author generated through meeting notes taken on the first steering committee 
meeting hold on 26th March 2010 
 
The hub of the IS coordination network is TEDA Eco-centre (Figure 3). With the 
support of TEDA AC, the eco-centre was set up and has worked on integrating resources 
from a range of local and regional government departments to deliver the IS 
coordination function. Besides the involvement of multiple organisations in the IS 
coordination network, a number of individual participants (experts from academic 
institutions or consultancies) were invited by TEDA AC to support activities of the IS 
coordination network. 
 
TEDA 
Eco-centre 
TEDA EPB 
TEDA Foreign Affairs 
TEDA Bureau of Finance 
Operation support 
& monitoring 
Tianjin Economic & Information Technology Committee 
Tianjin Development & Reform Committee 
Tianjin EPB 
TEDA AC 
AC of two neighbouring industrial zones 
Policy support 
ISL Experience sharing 
Local industries 
Implementing TBNA IS 
Programme --- IS coordination 
IS coordination network 
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4.2. Institutional capacity for facilitating IS activities derived from 
the coordination network 
4.2.1 Knowledge Resources Development 
Before the initiation of the IS coordination network, it was the local EPB that worked 
on encouraging the utilisation of waste residues to reduce industrial solid pollutants. IS 
coordination expertise was primarily in the field of environmental management 
approaches. There was a lack of expertise and manpower for coordinating IS, i.e., they 
had experience at advising companies individually on environmental management, but 
no experience at trying to forge links between companies. The problem was exposed in 
the local EPB’s delivery of EU-China Environmental Management Cooperation 
Programme (EMCP) between 2003 and 2005.  
“They [TEDA EPB staff] have profound experience working with local industries 
through delivering the EMCP project. They were quite busy and could only part-timely 
work for the project […] It was environmental, a section of government. So, their 
knowledge of dealing with companies on a business footing was not that great...” 
---by staff member A from ISL, semi-structured interview, 2010 April 
 
“I think the main barrier is personnel. It was some EPB staff part-timely doing the IS 
project. That project [EMCP] needs more investment on manpower, time and material 
resources.” 
---by a former TEDA Eco-centre staff B, semi-structured interview, 2010 April 
 
“This [TBNA IS Programme] is only a four year programme. As a government 
department, we can’t easily recruit persons. Personnel recruitment in the government is 
conducted through the annual national civil servant exam4.” 
--- by staff C from TEDA EPB, semi-structured interview, 2010 March 
The method adopted to overcome the lack of expertise and manpower for facilitating 
local IS was to develop an eco-centre supported by the local government to organise 
knowledge resources. Actors participating in the IS coordination network are top 
administrators and practitioners in government departments or organisations 
responsible to promote resource re-utilisation. The network therefore includes a range 
of knowledge that exists in government agencies and organisations listed in Table 4. 
                                                 
4 As mentioned by Chan and Li (2007), jobs for civil servant are normally supposed to be permanent. 
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Table 4. A classification of primary knowledge sources in the IS coordination network 
Knowledge 
Types 
Knowledge 
sources 
Details of the knowledge Impact of the knowledge 
on IS coordination 
Policy 
knowledge 
Multiple 
levels of 
government 
departments 
Expertise in local environmental, 
economic and industrial 
development policy development 
and regulatory management 
 
Providing policy and 
regulatory support for 
implementing IS 
ISL Mastering UK waste policies Bringing in British experiences 
Technological 
knowledge 
Academic 
institutions 
Expertise in Chinese waste disposal 
techniques and industrial 
production process 
 
Identifying 
technologically feasible 
synergies for plants 
ISL 
Information and Communications 
Technology supported knowledge 
in British waste disposal 
techniques, industrial production 
process and innovative IS solutions 
 
Assisting synergy 
identification and 
bringing in British 
experiences 
Networking 
facilitation 
knowledge 
ISL 
Skills of communicating with 
industries in the UK, organising 
inter-firm network events for 
promoting IS, and recording 
available and required resources 
through using its proprietary and 
project management software 
(SYNERGie) 
 
Building trust among 
industries in the UK, and 
improving the efficiency 
of data management 
TEDA Eco-
centre 
Skills of communicating with local 
industries, local government 
departments, and international 
organisations to disseminate 
sustainable industrial knowledge 
Promoting dialogue and 
collaboration among 
different organisations for 
sustainable industrial 
development 
Source: Author generated through interviews and participant observation. 
 
Compared to knowledge resources owned by the previous coordinator (TEDA EPB), 
knowledge resources in the IS coordination network covered expertise to coordinate 
business-networking to generate IS opportunities and resolve policy and technological 
problems occurring in implementing IS.  
 
The exchange of the different knowledge sources between the members of the 
coordination network occurred in various platforms, including primarily training 
courses, on-site guidance, policy tour and periodical meetings. 
·Training courses: Staff in TEDA Eco-centre accepted a-week training courses from 
ISL. The courses have covered operating the software (SYNERGie) to record available 
and required resources from industries and identifying potential synergy opportunities, 
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coordinating TBNA IS projects through organising inter-firm networking events, 
communicating with industries, conducting site visits to industries to collect detailed 
data, and tracking and reporting the progress of coordinated synergy projects.  
·On-site guidance: ISL dispatched staff to guide inter-firm networking and site visits 
events conducted by the eco-centre four times per year. Also, experts from academic 
institutions were invited to assist site visits to local industries to diagnose synergy 
opportunities.  
·Policy tour: With the guidance of ISL, TEDA Eco-centre and involved government 
departments dispatched two groups of staff per year to visit UK to build a deep 
understanding of the UK waste policy context. Generally two types of events were 
arranged for policy tours: firstly, visiting a number of businesses such as electronic 
manufacturers, anaerobic digestion plants and waste recycling centres to observe 
successful IS practices; secondly, communicating policy makers government 
departments such as Birmingham city council and Department for Environment, Food 
and Rural Affairs (DEFRA) to understand regional and national level policy practices 
to promote landfill diversion.  
·Periodic meetings: Internal meetings were held periodically to track the progress of 
the project and event planning. Weekly technical telephone conferences were held 
between TEDA Eco-centre and ISL to discuss specific technical issues; management 
telephone conferences were held on a regular basis between TEDA AC, ISL and 
UNIDO, to ensure management focus on the key strategic issues at hand. 
 
4.2.2 Relational Resources 
As discussed in section 2.1.1, the quality of relational resources of the IS coordination 
network can be determined through exploring whether the range of network members 
increasingly covers various sectors that are most relevant to IS promotion (see Healey 
et al., 2003; Polk, 2011).  
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Figure 4. Major coordination activities undertaken with TEDA Eco-centre and 
government departments which joined the coordination network after 2010  
Source: The author generated through drawing upon monthly magazine of Low-carbon TEDA 
(http://www.ecoteda.org/)  
 
Figure 3 presents original 12 IS coordination network members at March 2010. The 
size of the coordination network expended with the involvement of TEDA Public 
Utility Bureau, TEDA Construction and Transportation Bureau, TBNA Environment 
and City Appearance Bureau, Tianjin Municipal Commission of Science and 
Technology (as illustrated in Figure 4).  
 
Compared to the original IS coordination structure involving only one coordinator 
(TEDA EPB), the updated IS coordination network structure shows that all park-level 
and regional government departments in charge of industrial pollution reduction, 
energy conservation and low-carbon technologies have participated in the IS 
coordination network. The eco-centre potentially brought together the power or 
resources of various government departments to coordinate inter-firm IS activities on 
topics of utilising waste heat, sludge and reclaimed water, as well as to promote other 
low-carbon activities such as introducing low-carbon technologies and products. 
 
Regarding the development of personal relationships in the IS coordination network, 
these were found to be generated through participation in meetings/tours, and actions 
to reduce the cultural gap. One of the key strengths of the IS coordination network is 
Co-delivering ‘Energy-saving 
Transformation for TEDA Industries’ 
programme (2010 ~ on) 
Co-developing ‘TBNA Green 
Building Communication Platform’ 
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its ability to get a wide range of policy makers from different levels and sectors of 
government departments, and experts from private and public sectors communicating 
on how to manage problems promoting IS activities in TEDA and its surrounding area. 
The first author assisted TEDA representatives’ UK policy tours three times. The 
representatives from government departments listed in Figures 3 and 4 were observed 
to talk jokes, chat like friends, and help each other such as taking photos on the journey. 
The policy tours and meetings brought people together. People previously did not work 
in the same department therefore got more opportunities to know each other and 
personal relationships among the network coordination members were potentially 
enhanced. 
 
With the awareness of cultural differences between themselves and the Chinese network 
actors, ISL recruited a Chinese trainee (the first author who was studying UK waste 
management strategies) into its international project management department to 
undertake the following responsibilities: 
∙ Teaching ISL staff about Chinese culture; 
∙ Facilitating Chinese network actors’ policy tours to the UK and understanding of 
UK waste policy context.  
 
In addition, a number of staff with overseas studying background and English-
speaking skills were recruited into TEDA Eco-centre to communicate with ISL 
representatives to set up strategies coordinating local IS activities. 
 
4.2.3 Mobilisation capacity 
Regarding the mobilisation capacity of the case, enthusiasm existed among 
coordination network members to activate the exchange and development of knowledge 
and relational resources. For TEDA AC, the project was an opportunity to capture 
funding for its ambition to develop EIP. The lead funding applicant of the TBNA IS 
project is TEDA AC (Switch-Asia, 2012). Besides being actively involved in the launch 
event of TEDA Eco-centre to promote the TBNA IS project to local industries, TEDA 
AC also held meetings with top managers of local industries and encouraged them to 
participate in synergy events organised by TEDA Eco-centre. For other municipal 
government departments in the IS coordination network, the project also fulfilled the 
key strategy objectives for regional CE development. Also, for ISL, it was a good 
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opportunity to disseminate its information and communications technology-based IS 
coordination technology to the Chinese market.  
 
With the formation of the IS coordination network, consistent business events 
promoting resource utilisation and low carbon technologies/products were provided to 
local industries as shown in Figure 5.  
 
 
Figure 5 Business Events organised by TEDA Eco-centre and other IS coordination 
network members between 2010 and 2012 
Source: The authored generated drawing upon monthly magazine of Low-carbon TEDA 
(http://www.ecoteda.org/)  
 
Figure 5 illustrates the frequency of business events organised by TEDA Eco-centre 
and other IS network coordination members between 2010 and 2012. In this research, 
‘business match-making’ is classified as workshops for increasing interactions between 
companies with the potential to use other’s by-products or low carbon 
technologies/products, and follow-up service to forward the collaboration; ‘Information 
service’ refers to events collecting technologies and experiences (e.g. conducting UK 
policy tours) to implement IS; ‘Project promotion’ is defined as events to launch new 
projects (e.g. Energy-saving Transformation for TEDA Industries’ programme) and 
steering committee meetings to promote the progress of each project; ‘Education and 
Training’ refers to low-carbon training events provided to local industries or 
communities (e.g. Training to establish ISO14001 Environmental Management 
System).  
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A total of 124 business events organised by TEDA Eco-centre and other coordination 
members between 2010 and 2012 were recorded in the monthly magazine of Low-
Carbon TEDA retrieved from TEDA Eco-centre website (http://www.ecoteda.org/),  . 
As shown in Figure 5, there was an annual increase of these events during the period. 
In addition, a recent email interview with a practitioner of TEDA Eco-centre shows the 
continuity of IS promotion in TEDA. 
“After the termination of the [TBNA IS] project, TEDA Eco-centre was still working on 
coordinating inter-firm IS as a service platform [...] More than 20 events on energy 
conversation and pollution reduction are organised annually to coordinate technology 
match-making on utilising by-products and surplus energy” 
--- by TEDA Eco-centre staff F, email interview, June 2016 
 
In terms of its concrete impact, the IS coordination network potentially enhanced inter-
firm networking for resource utilisation. Different from traditional conferences where 
people sit in rows, the match-making workshops offered round table seats and tea break 
area. Face-to-face discussion on issues in specified fields (e.g. utilization of steam, 
energy-saving and green building materials) were made among normally 30-40 
companies (ISL, 2013).  
 
People were observed to communicate positively during workshops observed by the 
first author. This observation is supported by feedback from industrial representatives 
attending match-making workshops, “The idea [of cross-industrial match-making 
workshops] is novel. Hope more business opportunities can be achieved” (commented 
by a recycling company representative, view TEDA Eco-centre, 2010a); “I’m satisfied 
with the workshop. Hope there are more this type of events in future. It provides a 
convenient platform for enterprises to communicate and learn from each other” 
(commented by an electronic company representative, referring to TEDA Eco-centre, 
2010b).  
 
It is notable that the number of business match-making events dipped in 2012, whilst 
the number of information service and project promotion events increased. Comparison 
with the ISL experience in the UK suggests this change in priority may be due to the 
need for a focus on providing services (e.g. identifying synergy opportunities and 
training) to business members recruited through earlier business-matching events 
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(Interview with ISL staff A). In addition, the Eco-centre, had the capacity to develop 
alternative approaches to promoting environmental initiatives for local companies 
(Figure 5).   
 
Outputs of the TBNA IS project between March 2010 and November 2013 are 
presented in Figure 6. Compared to the estimated result predicted in the original project 
proposal (i.e., completing 80 synergies and achieving a total of 165,000 tonnes 
diversion of waste from landfill), the targets were mostly substantially exceeded. To put 
the achievement in context, in ISL-led IS programme in the UK West Midlands region, 
which is comparable to the size of TEDA and its surrounding industrial area, achieved 
4,250,000 tonnes landfill diversion in eight years (ISL, 2013). Although a full 
assessment of the project achievement would require more detailed information on the 
types of residues exchanged, and the proportion of total residue in the region which 
these comprised, the results achieved are thus broadly comparable with those of the 
organisation providing external expertise on its home territory.     
 
Figure 6 Input-output streams of TBNA IS project (March 2010-November 2013) 
Source: the author generated through drawing upon (ISL, 2013) 
 
In the last year of the project, 2013, there was increased dialogue among TEDA Eco-
centre and multiple levels of government departments listed in Figure 3 for strategies 
to sustain the TBNA IS project after the four-year funding. Further funding for the 
project was finally gained from the Tianjin Municipal Science and Technology 
Commission to integrate IS into the planning stage to build an inter-firm IS network 
(named as Tianjin IS Technology Innovation Alliance) including material and energy 
TBNA IS Project 
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flows (TEDA Eco-centre, 2012). The alliance targeted improved communication 
among SMEs, government and research institutions for technology innovation and 
transformation. Other potential channels such as ministerial level of funding 
programmes were also identified to increase government recognition of the project 
providing sustainable support (ISL, 2013).  
 
Regarding the performance of the TBNA IS project, representatives from the UK ISL 
and TEDA Eco-centre commented that: 
“[TEDA] got good results for the level of funding – 1.4 million tonnes landfill diversion 
over the three years is on the high end. They were the best funded programme outside 
the UK though.” 
--- by staff member A from ISL, email interview, January 2016 
 
“With the support of TBNA IS progamme, the eco-centre was established and it has 
evolved to be a cornerstone to promote low carbon, environmental protection and 
sustainable development in TEDA” 
---by TEDA Eco-centre staff F, email interview, June 2016 
 
Thus although the lack of landfill diversion pressure in China hindered early efforts to 
generate IS in Tianjin (Wang et al 2015), the project has ultimately achieved outcomes 
to the satisfaction of the IS coordination network members. 
 
5. Discussion 
The IS coordination network developed by TEDA AC to deliver the TBNA IS project 
involved multiple levels of government departments and organisations. The network 
existed to develop the knowledge resources and relational resources for promoting 
regional IS development and also had an influence on inter-firm IS activities. 
 
In this qualitative case study, knowledge resources within the IS coordination network 
can be seen to incorporate policy and networking facilitation knowledge for promoting 
IS development. This is in contrast to technological knowledge emphasised by Boons 
and Spekkink’s (2012) quantitative study. Also, as Healey et al., (2003) argued, 
network-level knowledge resources is not a stock of assets that can be disposed of or 
added to by network members. Rather the knowledge resources draws on the level of 
©2017, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/
27 
 
the implementation of the knowledge contributed by network members collectively 
towards their goal. For example, this study shows that there were active efforts to 
implement technological and networking facilitation knowledge from within the 
network to identify synergy opportunities, organise workshops and follow-up synergy 
opportunities for industries. Thus the implementation of knowledge gained through the 
project contributed to the development of knowledge resources contained in a network. 
 
Regarding relational resources, Boons and Spekkink et al. (2012) quantify them 
through the number of network-related events, such as formal declarations of common 
goals in a document or master plan for EIP development. In this research, it is argued 
that relational resources can be developed with new modes of relationship (i.e. new 
network members were recruited to promote IS) and communication (e.g. periodical 
network-related events as presented in Figure 5). The network-related activity helped 
to establish the common goal, i.e., promoting IS. 
 
For the mobilisation capacity of the case study, enthusiasm existed among coordination 
network members to activate the exchange of knowledge and relational resources. This 
can be developed from gaining a funding opportunity for local and regional level CE 
development and from marketing an IS coordination strategy into a new market (from 
ISL’s perspective) To overcome the lack of policy pressure for landfill diversion (Wang 
et al., 2015), local government officials worked on promoting the projects to local 
industries. Similar to Polk (2011), mobilisation capacity of the studied network is 
explored from perspectives of whether new ways of working for network goal is evident 
and what concrete impact has the network had on the local area. For the first perspective, 
it is found that there has been planning to sustain the IS coordination function and the 
expansion of the coordination network through gaining new funding opportunities. For 
the second, the concrete impact of the coordination network is valued from the official 
result of the TBNA IS project and the core network participant’s attitude towards its 
collaborator.  
 
In this IS coordination network, the local government (TEDA AC) has played a crucial 
role for enhanced institutional capacity for IS development from the following 
perspectives: 
∙ Recruiting local, national or international coordinating organisations possessing 
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necessary policy, technological and network coordination knowledge for IS 
development; 
∙ Setting up common goal and appointing an non-profit organisation to deliver the 
network services (such as organising cross-industry workshops and identifying 
synergy opportunities) to industries; 
∙ Advertising network services to gain attention from local industries and the society; 
∙ Seeking funding opportunities for sustaining the coordination network and 
fulfilling network goals. 
 
The crucial role that the local government played in this case study provides details 
about how the industrial area has been transformed into a facilitated EIP as discussed 
in Yu et al (2014b). This strengthens Patala et al.’s (2014) argument that there is a need 
to build broad coalitions to address environmental issues such as reducing the 
environmental load from production and consumption. This research therefore 
potentially provides lessons to other Chinese industrial areas with the ambition for the 
CE development involving putting IS into practice.  
 
6. Conclusions 
This research adopted a qualitative case study approach to explore the transformation 
of institutional capacity with the development of an IS coordination network in a 
Chinese industrial area. We have applied ideas relating to institutional capacity building 
for IS to a new and important context, given the degree to which IS is institutionalised 
within the Chinese policy framework, and the substantial contribution of Chinese case 
studies to the academic literature on IS.   
 
Findings suggest that the IS coordination network, with the support of the local 
government, has been successful. The network exceeded the targets for waste diversion 
from landfill and the number of IS relationships established required by the EU funding 
for the collaboration of an international partner. In addition to IS specific activity, a 
wide range of activities have been organised to promote low carbon technology uptake 
and environmental protection more generally. This activity appears to reflect the 
strength of the coordination network. Notwithstanding the top-down nature of Chinese 
EIP policy, implementing bodies have been able to forge not only local networks to put 
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together the knowledge and skills needed, but also to draw on national and international 
expertise. The use of international expertise to implement IS has been applied elsewhere, 
as Olayide (2015) reports in Africa. Although indicative of at least a perceived shortage 
of knowledge locally, working with an international body can itself be an indication of 
mobilisation capacity, i.e., the ability to identify and engage suitable external expertise. 
It is a strategy for achieving the balance of necessary and sufficient conditions for IS at 
a locality. As discussed above, during the lifetime of the project the various co-
ordination network members developed the relational resources needed to work with 
each other and were able to implement IS on a scale comparable to that achieved by 
ISL on its home territory in the UK. 
 
Thus drawing on international expertise can be a useful strategy for IS. The initial 
experiences of this project discussed elsewhere (Wang et al., 2015), illustrate the 
challenges that can arise from international policy transfer, and need for adjustment to 
local conditions. The overcoming of the initial challenges suggests that institutional 
capacity was built locally, not simply imported. A further test to the embeddedness of 
IS is what happened after the end of the formal collaboration.  The ability to co-
ordinate the network and the implementation of activity complementary to IS indicates 
TEDA AC’s capacity to help develop environmental business activity more generally 
than IS. In this instance the institutional capacity developed is strong for the 
organisation of networking events, which contributes to the perpetuation of the 
coordination network as well as to continuing efforts to establish IS. However, the thrust 
of Chinese resource efficiency regulations is towards low carbon and technological 
innovation rather than IS specifically (Wang et al. 2015), and TEDA Eco-centre has 
continued to support these areas, drawing on the institutional capacity built alongside 
its experience with IS.  
 
Implementing IS requires the mobilisation of knowledge and relational skills beyond 
the most relevant ones to trying to build a network of companies with IS-relationships. 
Furthermore, this study shows also the significance of the relationships between the 
coordination network members. Further research is required to identify different forms 
of IS coordination networks and assess the level of their institutional capacity to find 
the most effective forms of coordination strategy for IS development. Successful 
implementation of IS in a given setting will involve identifying which organisations are 
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relevant and/or critical to include and how they relate to the policy framework. In 
addition, research should consider how organisations within an IS coordination network 
relate to each other in different geographic and, especially, different political-cultural 
settings.  
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